About one-third of the world's population is infected with Mycobacterium tuberculosis (18) . The infection usually occurs in childhood, and the bacteria remain in the body in a nonreplicating or slowly replicating dormant state for the rest of the life of the individual. Most infections pass unnoticed, but about 10% become active, causing tuberculosis, which kills 3 million people each year (18) . Dormant M. tuberculosis is important not only because it can survive attack by the immune response but also because it is more resistant to antibacterial agents than actively growing bacteria, leading to the need for prolonged chemotherapy of active disease (10) . An in vitro model of nonreplicating or slowly replicating M. tuberculosis has been developed by Wayne (37, 39) . The bacilli grow in the top layer of an unagitated culture, where oxygen is available. They settle to the bottom of the container, where there is a low concentration of oxygen, and then slowly adapt to microaerophilic and eventually to anaerobic conditions. After about 20 days, the replication rate becomes lower, and by 30 to 40 days replication cannot be detected, at which point the organisms are in stationary phase (37, 38) . The 16-kDa protein, an ␣-crystallin homologue (34) encoded by the hspX gene (8) , is synthesized at a low level in logarithmic-phase cultures, but synthesis increases markedly during the transition from log phase to stationary phase (42) . The protein becomes one of the most abundant proteins in stationary-phase bacteria. It has been proposed that the 16-kDa protein is important for the survival of stationary-phase bacteria (42) .
The genetic regulation of 16-kDa protein expression has not been described previously. Gene expression in bacteria is usually regulated by the rate of transcription initiation, the stability of the RNA transcript, and the efficiency of translation. Growth rate changes also affect gene expression. In this paper, we describe the transcription and translation of the hspX gene in an extended stationary-phase model (15, 37) as determined by Northern analysis, primer extension, and sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis of [ 35 S]methionine-labeled whole-cell protein extracts. We show that there is an inverse relationship between the steadystate level of the hspX mRNA and synthesis of the 16-kDa protein.
MATERIALS AND METHODS
Bacteria and culture. M. tuberculosis H37Rv was grown at 37°C in Middlebrook 7H9 medium containing 0.05% Tween 80 supplemented with 10% ADC (Difco Laboratories). Samples of a 10-day mid-log-phase culture were stored at Ϫ70°C. They were thawed and subcultivated once for 10 days before being inoculated 1:10 in fresh medium to form the experimental cultures. Microaerophilic growth was achieved by incubating 10-ml cultures in 28-ml screw-capped bottles without shaking for up to 60 days. CFU counts were performed as described previously (15) .
DNA manipulations, sequencing, and analysis. DNA isolation, ethanol precipitation of DNA, and electrophoresis of DNA in agarose were performed by standard procedures (32) . Sequencing reactions were carried out on DNA with the T7 Sequenase version 2.0 sequencing kit (U.S. Biochemicals) in accordance with the manufacturer's instructions, based on the dideoxy chain termination method (33) with ␣-35 S-dATP (specific activity, Ͼ1,000 Ci mmol Ϫ1 ; Amersham) as the radioactive label. Computer-aided analysis of the DNA sequence was performed by using the Genetics Computer Group sequence analysis software package (University of Wisconsin Biotechnology Center, Madison).
PCR.
The probes for Northern hybridization were prepared by PCR. The primers used for generating the PCR products are listed in Table 1 . The primers were designed to be in the coding regions of the transcripts. PCR was performed in a final volume of 50 l which contained 5 to 10 ng of M. tuberculosis chromosomal DNA template and 1 M each primer. Taq DNA polymerase (Promega) was used according to the manufacturer's instructions. The PCR amplification was carried out for 30 cycles (94°C for 1 min, 58°C for 2 min, and 72°C for 3 min), followed by an extension of 72°C for 7 min. A 20-l sample of each PCR mixture was subjected to electrophoresis on a 1.5% agarose gel containing ethidium bromide. A DNA ladder (Life Technologies) was used as the molecular size standard. The sequence of the hspX PCR product was determined with a DNA sequencer (ABI 373A) by using the Taq DyeDeoxy terminator chemistry and was identical to the published sequence of the hspX gene (34) .
RNA extraction. Total RNA extraction from cultures was carried out by using the method of Mangan et al. (24) . After isopropanol precipitation, RNA was treated with RNase-free DNase I (Life Technologies) and subjected to phenol extraction and ethanol precipitation. The RNA concentration was determined spectrophotometrically at 260 nm.
Northern (RNA) analysis. Northern blot analysis was performed by fractionation of RNA samples on a 1.2% agarose-formaldehyde gel, followed by transfer in 20ϫ SSC buffer (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate) to a Hybond-N filter (Amersham) (32) . To ensure that the same amount of total RNA (20 to 30 g) was loaded into each well of the gel, a known amount of total RNA was loaded into each gel as an internal RNA standard, and the intensities of 16S and 23S rRNA staining with ethidium bromide was compared to those of the test samples. Sizes were determined with an RNA ladder (Sigma) as the molecular size standard. The probes (Table 1) were labeled with [␣-32 P]dCTP (specific activity, Ͼ3,000 Ci mmol
Ϫ1
; Amersham) by using the random-priming method according to the instructions of the manufacturer (Amersham). Generally, probes were generated with a specific activity of greater than 10 8 cpm g Ϫ1 and were used in hybridization reactions at 1 ϫ 10 5 to 5 ϫ 10 5 cpm ml
. After prehybridization for 3 h at 42°C in a buffer containing 5ϫ Denhardt's solution, 5ϫ SSC, 0.2% SDS, 50% formamide, and 100 g of salmon sperm DNA (Sigma) per ml, the filters were hybridized overnight at 42°C with 32 P-labeled probes in the same buffer and washed at high stringency (2ϫ SSC-0.1% SDS, 1ϫ SSC-0.1% SDS, and 0.1ϫ SSC-0.1% SDS at 65°C for 45 min each). Northern hybridization was standardized by using a 16S rRNA gene probe after the same filter was stripped.
The filters were exposed to X-ray films. The films, exposed for various time periods, were scanned with a high-resolution laser Personal Densitometer SI (Molecular Dynamics) linked to ImageQuaNT software (Molecular Dynamics).
Primer extension. The synthetic oligonucleotides PE1 (5Ј-CGGGTGGCGCT GAACGGGAA-3Ј, complementary to nucleotides [nt] 11 to 30 downstream of the ATG start codon in the hspX gene) and PE2 (5Ј-TCAGAAAACTCGGGG AAGAGG-3Ј, nt 36 to 56 downstream of the ATG start codon in the hspX gene) were 5Ј end labeled with [␥- ; Amersham) and Ready-To-Go T4 polynucleotide kinase (Pharmacia). Total RNAs (40 g) from different growth phases of microaerophilic cultures were annealed to 5 ng of 5Ј-end-labeled primer in 5ϫ reverse transcriptase buffer (Life Technologies) at primer melting temperatures for 20 min and then slowly cooled to room temperature for a further 30 min. Primer extension was performed for 1 h at 42°C in the same solution with 500 M (each) dATP, dCTP, dGTP, and dTTP; 40 U of RNasin (Promega); 5 mM dithiothreitol; and 200 U of SuperScript II transcriptase (Life Technologies). The primer extension products were precipitated with ethanol and sodium acetate at Ϫ70°C, washed with 70% ethanol, and dried. The pellets were resuspended in an appropriate amount of formamide dye solution (U.S. Biochemicals) and then separated in a 6% polyacrylamide sequencing gel containing 8 M urea adjacent to a DNA sequence ladder which was generated by using a standard sequencing primer with the single-stranded M13 bacteriophage.
Chemical half-life determination. Chemical half-lives of the RNA were determined by using log-phase (4-day) and stationary-phase (40-day) microaerophilic cultures. RNA was isolated from the cell samples taken at selected intervals after transcription initiation was inhibited by the addition of 100 g of rifampin (Sigma) per ml, and the half-lives were determined by Northern blotting analysis. The incorporation of [ 3 H]uridine (activity, 31 to 56 Ci mmol
; Amersham) into trichloroacetic acid-precipitable RNA was rapidly reduced to 2% of that for the drug-free control (data not shown) after addition of 100 g of rifampin ml
, showing that transcription initiation was blocked with this concentration of rifampin.
[ 35 S]methionine labeling of proteins, SDS-PAGE, Western blotting, and protein sequencing. Microaerophilic cultures which had been incubated for 4 to 60 days were concentrated by centrifugation or by carefully removing part of the supernatant so as to adjust viable counts to 1.25 ϫ 10 8 to 1.3 ϫ 10 8 CFU ml
, and 3 ml of each sample was then placed in a 28-ml sterile plastic universal container. Protein profiles were examined by [ 35 S]methionine labeling of wholecell proteins and SDS-PAGE by using a method described previously (15) . The identification of the 16-kDa protein was performed by N-terminal sequencing and Western blotting. Defined protein antigens of M. tuberculosis were identified by immunoblot analysis of nitrocellulose filters transferred from one-dimensional SDS-PAGE (27) . The monoclonal antibody TB68 (7) was used to identify the 16-kDa protein. The 16-kDa protein was separated from the other bacterial proteins by SDS-PAGE and blotted onto a polyvinylidine difluoride (PerkinElmer) membrane, the 16-kDa band was cut out, and the N-terminal amino acid sequence was determined by P. Jackson (Applied Biosystems, Perkin-Elmer) by means of Edman degradation on an Applied Biosystems Procise Sequencer.
The functional half-life of the 16-kDa protein was determined by pulse-labeling 5-ml log-phase and stationary-phase cultures with 10 Ci of [
35 S]methionine ml Ϫ1 for selected intervals after addition of rifampin to the culture. After chasing with 10 mM L-methionine, protein was extracted.
Nucleotide sequence accession number. The nucleotide sequence data shown in Fig. 4 have been assigned EMBL/GenBank accession no. AL021899 (CD sequence 16929 to 17363).
RESULTS
Steady-state level of the hspX mRNA. To determine the cellular concentrations of the hspX transcript during log-phase and stationary-phase growth, total RNA was extracted from cultures which were incubated for 4, 10, 20, 30, and 55 days and was analyzed by Northern blotting. When a 0.242-kb DNA fragment from the hspX gene coding region frame was used as a probe (probe a in Fig. 1A ), two hybridizing bands were detected (Fig. 1B, panel a) . The probe hybridized strongly to two mRNA species of approximately 1,100 and 2,500 nt. The predicted size of the hspX DNA sequence is only about 0.43 kb, considerably shorter than the transcripts detected with the hspX-specific probe. An examination of the DNA sequence of the hspX gene and the downstream genes (from EMBL/GenBank accession no. AL021899, CD sequence 14872 to 16917) shows that the open reading frame of the hspX gene is immediately followed by a gene of 2 kb with unknown function. The intergenic region is 11 nt. No stem-loop structure as a putative transcription terminator was found immediately downstream of the hspX gene. This raised the possibility that the 2.5-kb transcript might be the primary hspX mRNA, which is large enough to include the hspX mRNA and the transcript of the downstream gene. The 1.1-kb transcript which we found was The cellular concentrations of the hspX transcripts were maximal in 4-day-old log-phase bacilli and then decreased as the cells reached stationary phase. The blot was stripped and reprobed to detect 16S rRNA. As shown in Fig. 1B (16S) , the relatively equal intensities of the bands ensured that the same amount of the RNA was loaded into each well of the gel. Densitometric analysis (Fig. 1C) of the autoradiographs shown in Fig. 1B and other autoradiographs from three independent experiments revealed that there were approximately 6.5-Ϯ 0.05-and 10-Ϯ 0.1-fold decreases of the 1.1-and 2.5-kb hspX transcripts, respectively, from log-phase to 30-day-old stationary-phase bacilli. After 30 days, the relative levels of hspX transcripts remained constant for up to 55 days. The steadystate level of the 0.5-kb transcript was low in log-phase bacilli, increased approximately 2.5-Ϯ 0.05-fold when the bacilli reached stationary phase at 20 days, and then decreased in late stationary phase. The level of the hspX mRNA was calculated by using linear regression analysis of the densitometric scan values of the mRNA divided by the values of the 16S rRNA. Determination of the half-life of the mRNA. The steadystate level of any single species of mRNA is determined by the rate of transcriptional initiation and the rate of decay. We therefore measured the mRNA half-life in bacilli after inhibition of transcription initiation with 100 g of rifampin ml
Ϫ1 . Bacteria in both log-phase and stationary-phase growth were used to find out whether the stability of mRNA is growth rate dependent. Figure 2A shows representative Northern blots measuring the decay of the hspX mRNA in 4-day-old and 40-day-old bacilli. The blots were stripped and probed to detect 16S rRNA in order to verify equal loading of the total RNA in each experiment. The autoradiographs ( Fig. 2A) and others from two independent experiments, after exposure of the blot to X-ray films for different lengths of time, were scanned.
As shown in Fig. 2B , the rate of chemical decay of the mRNA showed no significant change between log-phase and stationary-phase bacilli. The average half-life of both was 2.25 Ϯ 0.1 min, and so the chemical stability of the hspX mRNA appears to be independent of growth rate and it is the rate of transcription initiation which decreases as the rate of the growth falls when the bacteria enter the stationary phase.
The functional stability of the mRNA was measured by analysis of synthesis of the 16-kDa protein by using cell samples taken in parallel with those used for chemical stability measurements. In view of the characteristically low growth rate of M. tuberculosis, [ 35 S]methionine labeling of the protein synthesis requires at least half an hour in log-phase cultures and 1 h in stationary-phase cultures in order to obtain detectable signals in fluorographs (data not shown). Samples were pulselabeled with [ 35 S]methionine for 1 h after the addition of rifampin. Total protein synthesis rapidly decreased, and no detectable synthesis of the 16-kDa protein was observed over the period of rifampin treatment (data not shown). This indicates that the short functional half-life of the mRNA was consistent with the short chemical half-life.
Primer extension analysis. Total RNA was isolated from cell samples taken in parallel with those used for Northern analysis and was subjected to primer extension. The 5Ј end of the mRNA was mapped with primer PE1, which corresponds to nt 11 to 30 downstream of the ATG start codon in the hspX gene. As shown in Fig. 3 , only one primer extension product was found, with the transcription start site positioned at a nucleotide A, 33 nt upstream from the ATG start codon, suggesting that the transcription of the mRNA is driven by a single promoter upstream of the hspX open reading frame. This result was independently confirmed by using primer PE2 (see Materials and Methods).
When sequences centered around Ϫ10 and Ϫ35 regions upstream from the transcription start point were examined for promoter-like sequences, no significant similarities with the consensus sequence of Mycobacterium promoters which has been published previously (3) were found. However, the sequence 8 nt upstream from the mRNA start site (GGGCTGGT) shows a clear homology to the Ϫ10 regions (CGGCAAGT) of the gearbox promoter (1, 2, 4, 35) . The sequence has five of eight nucleotide matches to the proposed consensus sequence in the gearbox promoter. No similarities with binding sites of other sigma factors were identified. The transcription initiation site of the transcript together with the putative Ϫ10 and Ϫ35 regions as well as the putative Shine-Dalgarno (SD) sequence are shown in Fig. 4 .
Primer extension analysis was also used to examine the temporal patterns of the hspX gene transcription (Fig. 3) . Essentially the same pattern of decreasing mRNA level with respect to the growth rate was observed, which supports the Northern blotting data.
Synthesis of the 16-kDa protein during different growth phases. We examined both the cellular level and the synthesis of the 16-kDa protein by SDS-PAGE and [
35 S]methionine labeling with the bacilli from log-phase to stationary-phase cultures. As shown by Coomassie blue staining after SDS-PAGE (Fig. 5A) , the cellular level of the 16-kDa protein was very low in early log phase at 1 to 3 days and started to increase at 4 days. The protein level then increased continuously during the incubation, followed by a relatively constant cellular level throughout the stationary phase, and became a dominant band constituting 13% of the total proteins revealed by densitometric analysis. The synthesis of the 16-kDa protein (Fig. 5B) at a low level over the period of log-phase growth and then increased during the transition to stationary phase, returned to a low level in the late stationary phase, and remained at a low level for up to 50 days. These data contrast with the cellular level of the protein, which was constant throughout stationary phase despite the reduction of the protein synthesis (Fig. 5A) .
To confirm the identity of the 16-kDa protein band which was observed in SDS-PAGE, Western blotting with the monoclonal antibody TB68 (anti-16-kDa protein) and N-terminal amino acid sequencing were performed. The sequence of the N-terminal 30 residues of the protein, ATTLPVQRHPRSL FPEFSELFQQFPSFAGL, was identical to the sequence of the 16-kDa protein which has been described previously (34) . After electrophoresis of the total proteins extracted from a 4-day-old culture and a 40-day-old culture, the gel was blotted onto a nitrocellulose filter (Amersham). A 16-kDa band was observed when the blot was incubated with the monoclonal antibody TB68 (7), confirming the identity of the protein (Fig. 5C) . The Western blotting analysis confirmed the result (Fig. 5A ) that the 16-kDa protein was accumulated in stationary phase.
DISCUSSION
The molecular mechanisms which contribute to the control of the increased expression of the 16-kDa protein during entry into the stationary phase of growth are transcriptional and posttranscriptional. At the transcriptional level, Northern blotting analysis with the hspX gene-specific probe revealed two transcripts of 1.1 and 2.5 kb, both of which were larger than 0.43 kb predicted from the hspX DNA sequence. One possible explanation for these data is that the 1.1-kb transcript is an endonucleolytic cleavage product of the 2.5-kb transcript, in which case a second 1.4-kb product should be present when a downstream probe is used. However, further analysis (Fig. 1B,  panel d ) with a probe which spans nucleotides about 1.4 to 1.6 kb from the RNA transcriptional start site does not detect the expected 1.4-kb cleavage product (Fig. 1A) . In addition, the 2.5-and 1.1-kb transcripts can be detected by probes b and c, which are close to the 5Ј end of the downstream gene, and the 2.5-kb transcript can also be detected by probe d (Fig. 1A and  B) . This argues against the 1.1-kb product being due to cleavage of the 2.5-kb transcript. Furthermore, an examination of the DNA sequence of the downstream gene reveals that there are no potential sequences such as UAUUUG (29) which can act as RNase target sites in the downstream gene. In addition, probes c and d detect another small transcript of 0.5 kb (Fig.  1B, panels c and d) which has a transcription pattern completely different from that of the 1.1-and 2.5-kb products. The transcription of the 0.5-kb product increases to a maximum at 20 days and then decreases. Two possible explanations for the different transcription pattern of the 0.5 kb transcript are as follows: first, rather than a cleavage product of the 2.5-kb transcript, there is a separate gene whose transcription product is 0.5 kb and is located about 0.6 kb downstream to hspX gene; second, there may be another gene in this region on the opposite strand. Further work on this is under way in our laboratory. Overall, the data do not exclude the possibility of the 1.1-kb transcript being a cleavage product of the 2.5-kb transcript, but an alternative explanation is that the transcription of hspX underwent a readthrough process in the intergenic region between hspX and the downstream genes and ended at different transcriptional termination sites, which resulted in the two products.
Primer extension analysis indicates that the hspX gene is transcribed from a single promoter residing in a region approximately 33 nt upstream of the hspX gene ATG start codon. The start site corresponds to a position near the N terminus of the HspX protein (34) and its predicted SD site (34) . Further analysis of the hspX gene promoters revealed a similarity between the Ϫ10 consensus sequence, CGGCAAGT, of the Escherichia coli gearbox promoter (1, 2, 4, 35) putative hspX gene Ϫ10 sequence (GGCTGGT) but no significant homology to the Ϫ35 gearbox promoter or to known M. tuberculosis consensus sequences (3) . Activation of the gearbox promoter is associated with general stress responses and growth rate changes in E. coli (1, 2, 4, 35) . Stationaryphase induction is abolished if the Ϫ10 region CGGCTAGT is changed into a sequence including a 70 consensus sequence, CGTATAAT (2) . However, our Northern blotting and primer extension results ( Fig. 2 and 3) show a high level of hspX gene transcription in log-phase growth followed by a gradual decrease in transcription initiation rates as the bacilli enter the stationary phase. This suggests that the hspX promoter does not function like most gearbox promoters and is more similar to those promoters which, while containing the gearbox Ϫ10 sequence, do not upregulate transcription in response to stress and stationary-phase growth (2, 25) . The pattern of the hspX transcription appeared to exhibit a stringent-like control which was similar to that of many genes, such as those for E. coli rRNA and tRNA, whose transcription decreases with decreasing growth rate (9, 13) .
It has been reported (42) that synthesis of the 16-kDa protein, while at a low level in log-phase growth, increases when the cells reach stationary phase. Our results (Fig. 5) confirm and extend these data, showing that synthesis of the 16-kDa protein in the Wayne model rises from a low level in log-phase growth to maximum expression at days 20 and 30, followed by a fall back to a low level by 40 days, which is maintained for a further 20 days. This sharply contrasts with the cellular content of the 16-kDa protein, which reached a maximum at 10 days of incubation and then remained at a constant level for up to 50 days. This clearly suggests that the 16-kDa protein is a stable protein with a low turnover rate. It is likely that the constant cellular level of 16-kDa protein in late stationary phase results from the proposed stability of the protein and from the high level of synthesis in early stationary phase, followed by an accumulation of the protein from a low rate of synthesis in late stationary phase.
The increasing rate of synthesis of the 16-kDa protein during entry into stationary phase and the constant cellular level of the protein appeared to be an important strategy for M. tuberculosis to survive in stationary phase and dormancy. The 16-kDa protein is a member of the small heat shock protein (sHSP) family which is homologous to ␣-crystallin (5). One of the most important features of the proteins in the sHSP family is that they function as molecular chaperones (14, 17) . Like other members of the family, the M. tuberculosis 16-kDa protein prevents thermally induced aggregation of other proteins (6, 42) , perhaps by reducing undesirable protein-protein interactions and assisting in refolding of denatured proteins.
In our model, entry into stationary phase, defined as slowing of log-phase growth, begins at about 10 to 20 days and ends at 30 to 40 days, when the organisms enter the stationary phase. Thus, the low level of HspX protein synthesis during log phase followed by the high level seen at 20 to 30 days is discordant with the high level of hspX mRNA observed in log phase followed by low levels observed at 20 to 30 days. An increase in protein synthesis was accompanied by a decrease in mRNA accumulation during the transition to stationary-phase growth. When the bacilli were shifted from stationary phase back to exponential phase, a rapid increase in hspX mRNA was observed, without any increase in synthesis of the 16-kDa protein (data not shown). These data show that hspX gene expression during entry into the stationary growth phase is regulated by a posttranscriptional control mechanism. In other bacteria (11, 19, 21, 28) , posttranscriptional regulation of gene expression is not uncommon and can involve a change in mRNA stability and a modulation of the efficiency of translation initiation. In E. coli (30) and Bacillus subtilis (31) , changes in the stability of certain mRNAs affect the rate of the corresponding protein synthesis in response to growth rate changes. However, in our model, the hspX mRNA half-life was very short in both log phase and stationary phase, which indicates that mRNA stability change is not the mechanism of gene expression regulation in this case. We have no direct evidence for the specific mechanism of posttranscriptional control of hspX gene expression, but changes in the efficiency with which the mRNA is translated are one explanation. It has been reported that upregulation of E. coli cold shock protein A upon a temperature shift from 37 to 15°C is under posttranscriptional control, which is due to a modification of the protein synthesis machinery and an alteration in mRNA stability (12) . In E. coli the formation of mRNA secondary and tertiary structures in the ribosome binding site hinders gene expression by shielding important elements such as the initiation codon and the SD nucleotides (16, 22, 23, 26, 41) . Translation initiation depends on the unfolding of the initiation region. Presumably, an unknown mechanism operates under inducing conditions such as stationary phase or starvation to release the mRNA secondary structure, allowing translational initiation to take place and therefore enhancing the translational efficiency (19, 21, 26) . A detailed analysis of the hspX mRNA secondary and tertiary structures is under way to resolve whether this is an important mechanism of gene control in M. tuberculosis.
In addition to control of translation initiation efficiency as a potential mechanism at work in this system, a mechanism involving regulation of protein stability is also possible. In E. coli, the cellular concentration of S is controlled by the regulation of protein stability (19) . Also it has been suggested that ␣-crystallins and sHSPs, including the 16-kDa protein, share a C-terminal structural domain that is very stable (40) . ␣-Crystallin is exceptionally thermostable (36) , with an extremely long halflife in vivo. Some of the sHSPs are also very stable in vivo (20) . Our data suggest that the 16-kDa protein is a stable molecule with a low turnover rate, and so this could be an important factor contributing to control of the cellular level of the 16-kDa protein during stationary phase. Our results suggest that the regulation of the hspX gene expression in response to stationary phase is unique and is controlled not only by translation initiation efficiency but also by protein stability.
